ABSTRACT: The New Surface Mounted (NSM) technique was applied to increase the shear resistance of Reinforced Concrete (RC) beams. For this purpose, laminates of Carbon Fiber Reinforced Polymer (CFRP) were introduced into thin slits made on the concrete cover of the lateral faces of the beams to be strengthened. In the present paper the influence of concrete strength on the effectiveness of the NSM technique is assessed by an experimental program. From the obtained results it can be concluded that the NSM shear strengthening technique with CFRP laminates is still effective in RC beams with low concrete strength. However, as minimum is the concrete strength as less effective is the NSM technique.
EXPERIMENTAL PROGRAM
The influence of the concrete mechanical properties on the performance of the NSM technique using CFRP laminates for the shear strengthening of RC beams ( Fig. 1) is assessed by experimental research, which main features are presented in this publication. 
Test series and materials properties
Figure 2 presents the T cross section beam prototype used in the experimental program. The reinforcement systems were designed to assure that all the tested beams failed in shear. To localize shear failure in only one of the beam shear spans, a three point load configuration of a distinct length of the beam shear spans was selected. To avoid shear failure in the L r beam span, steel stirrups 6@75mm were applied in this span. In terms of the shear reinforcement systems the differences between the tested beams were localized in the L i beam span. Five arrangements of NSM CFRP laminates were used in RC beams that were manufactured with a concrete of a compressive strength at the age of beam tests of 39.7 MPa (f cm = 39.7 MPa) and 18.6 MPa (f cm = 18.6 MPa). The differences between the beams with f cm = 39.7 MPa and the beams with f cm = 18.6 MPa are restricted to the mode of preventing brittle spalling of the concrete cover at the supports (Fig. 2) . To overcome the difficulties to bend 32 mm longitudinal tensile bars, their ends were welded to steel plates in the beams with the lower concrete strength (Fig. 2) . For each type of concrete five arrangements of NSM CFRP laminates were applied in five RC beams with a percentage of steel stirrups of 0.10% ( sw = 0.10%), and in five RC beams with a percentage of steel stirrups of 0.17% ( sw = 0.17%). Three distinct inclinations of CFRP laminates (45º, 60º and 90º) were studied and, for inclined laminates, two levels of CFRP percentage ( f ) were analyzed (Table 1 and Fig. 3 ). For both percentages of CFRP, the spacing of laminates for each inclination was obtained with the purpose that the shear strengthening contribution of the CFRP would be similar (Dias and Barros 2009 ).
The three point beam bending tests (Fig. 2) were carried out using a servo closed-loop control equipment, taking the signal read in the displacement transducer, placed at the loaded section, to control the test at a deflection rate of 0.01 mm/second.
The concrete compressive strength was evaluated at 28 days and at the age of the beam tests, carrying out direct compression tests with cylinders of 150 mm diameter and 300 mm height, according to EN 206-1 (2000) . In the tested beams, high bond steel bars of 6, 12, 16 and 32 mm diameter were used. The values of their main tensile properties were obtained from uniaxial tensile tests performed according to the recommendations of EN 10002-1 (1990). The tensile properties of the CFK 150/2000 S&P laminates were characterized by uniaxial tensile tests carried out according to ISO 527-5 (1997) . Table 2 includes the average values obtained from these experimental programs. According to this table, the properties of the steel and CFRP are similar in the two types of beams (beams with the higher and lower concrete strength). The MBrace Resin 220 (Degussa 2003) epoxy adhesive was used to bond the laminates to the concrete. 
being a f = 1.4 mm and b f = 9.5 mm the dimensions of the laminate cross section and b w = 180 mm is the beam web width; c 2S-R is the reference beam without CFRP (Fig. 3) ; d 4S-R is the reference beam without CFRP (Fig. 3) . 
Discussion of tests results
The recorded force-displacement diagrams (F-u) Up to critical diagonal crack (CDC) initiation the strengthened and its corresponding reference beam had similar F-u, regardless of the percentage of steel stirrups and the percentage and orientation of the CFRP. At CDC initiation the load decay observed in the reference beams did not occur in the CFRP shear strengthened beams, revealing that the presence of the CFRP delayed the propagation of the shear crack. This results in an increase in the beam's load carrying capacity.
The maximum load (F max ) and the corresponding deflection at loaded-section (u Fmax ) for all the tested beams are included in Table 3 and represented in Figure 5 , being visible the increase of the NSM effectiveness with the increase of the concrete strength. According to the values into ratio for NSM arrangements adopted in beams with higher and lower concrete compressive strength was 26.5% and 22.4%, respectively (the values regarding the 4S-7LV shear strengthening configuration was excluded for this analysis). Independently of the concrete strength and the percentage of existing steel stirrups, the inclined laminates were more effective than vertical laminates. An increase of the percentage of CFRP produced an increase of the shear strengthening contribution.
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In general the failure modes of the tested beams with CFRP have been influenced by the concrete strength, since at failure a certain concrete volume was attached to the laminates (concrete fracture). This justifies the better shear strengthening contribution of the CFRP in the beams with f cm = 39.7 MPa. The failure modes of the beams with NSM laminates are also influenced by the percentage of the CFRP. In some beams with the higher percentage of CFRP a detrimental group effect (Fig. 6 ) between neighboring laminates occurred that originated a separation of parts of the concrete cover, which had already been observed in previous experimental programs (Barros and Dias 2006; Rizzo and De Lorenzis 2009; Dias and Barros 2009 ) and analytical research (Bianco et al. 2009 ). Table 3 . Relevant results of the load capacity up to beam's failure. Figure 5 also shows that the amount of existing steel stirrups plays a very important role on the effectiveness of the NSM shear strengthening technique with CFRP laminates. In fact, the effectiveness of the CFRP was higher in the beams with the lower percentage of steel stirrups analysed ( sw = 0.10%). According to Figure 5 , for an increase from 0.10% to 0.17% in the percentage of steel stirrups in the L i beam span (about 70%), the NSM strengthening effectiveness decreased in about 70% and 55% (the value regarding the solution with vertical laminates was excluded for this evaluation) for the beams with f cm = 39.7 MPa and f cm = 18.6 MPa, respectively. It emerges that a formulation for the prediction of the NSM shear strengthening contribution cannot neglect the percentage of existing steel stirrups. 
CONCLUSIONS
The following conclusions can be obtained from the experimental results:  The NSM CFRP laminates shear strengthening technique is still effective in beams of concrete with an average compressive strength of 18.6 MPa at the age of the tests, which can be considered as the lowest concrete strength class for structural purposes. The CFRP shear strengthening configurations provided an increase not only in terms of maximum load, but also in terms of load carrying capacity after shear crack formation. The concrete strength has an important role on the effectiveness of the NSM shear strengthening technique, since this effectiveness decreases with the decrease of the concrete strength. In fact, when the same NSM CFRP laminates arrangements were applied in a group of beams of concrete compressive strength (f cm ) equal to 39.7 MPa and in another group of beams of f cm =18.6 MPa, the CFRP laminates were more effective in the former beams.  Inclined laminates were more effective than vertical laminates and an increase of the percentage of laminates led to an increase of the shear capacity of the beams. A detrimental effect of the increase of the percentage of the existing steel stirrups exists in terms of the effectiveness of the NSM technique for the shear resistance of RC beams. a)
 An analytical formulation for the prediction of the NSM shear strengthening contribution should take into account the concrete mechanical properties, the percentage and orientation of the CFRP and the percentage of the existing steel stirrups.
b)
